Objective: The objective of this study is to assess the temporal trends in the incidence and demographic characteristics of traumatic spinal cord injury (TSCI) among children and adolescents in a geographically defined cohort in western Norway during 1952-2001. Methods: The patients included in this study were identified from the hospital records. Results: Of 336 patients, 13 (3.9%) patients were 0-14 years at time of injury, and 44 (13.1%) patients were 15-19 years at time of injury. The average age-adjusted incidence was 2.4 per million children and 25.1 per million adolescences. Children were injured in car and pedestrian accidents, whereas adolescences were injured in car and motorcycle accidents. Conclusions: The age-adjusted incidence of TSCI among the adolescents increased, whereas the ageadjusted incidence among children remained low during the 50 years. TSCI was highly associated with car and pedestrian accidents among children. Among adolescence, TSCI was associated with car and motorcycle accidents. Awareness of these factors is important in prevention planning strategies.
Introduction
A traumatic spinal cord injury (TSCI) is damage to the spinal cord that interrupts the communication leading to reduced or loss of sensibility and mobility, causing dysfunction in several organ systems, loss of function, increased morbidity and reduced quality of life. 1, 2 TSCI is rare among children. Only a few population-based estimates of paediatric TSCI exist. 3, 4 The incidence of spinal cord injuries was 1.9 per million among children aged 0-18 years in Finland in the period 1997-2006. 3 A study from
Sweden found an incidence of 4.6 per million children. 4 If pre-hospital fatalities were excluded, the incidence was 2.4 per million. 4 We have previously reported the incidence of TSCI in western Norway (an unselected geographically defined cohort) during 50 years. 5, 6 In this study, we assess the temporal trends of the age-adjusted incidence of TSCI, and demographic characteristics among children and adolescences.
Definitions
Traumatic spinal cord injury. TSCI was defined according to Kraus et al. 7 as 'an acute, traumatic lesion of the spinal cord with varying degrees of motor and/or sensory deficit or paralysis'. Although injuries of cauda equina were included, the definition excluded isolated injuries of other nerve roots. 8 Patients with a file at any of the hospitals in the two counties were included. 5, 6 Patients with neurological deficits lasting o1 week and patients with injuries due to medical procedures/treatment were not included.
Children and adolescents. From the Statistics Norway, population data are given in groups of decades for estimation of incidence. 9 Because of the small numbers of TSCI among children, we defined children as being younger than 15 years and adolescents as being 15-19 years.
Traumatic brain injury (TBI).
Clinical TBI was defined as (a) no TBI, in which no head injury could be identified, (b) mild/moderate head injury and (c) severe head injury defined as an unconscious patient. The Glasgow Coma Scale was introduced in 1974, 10 and therefore was not available in this retrospective study. By using additional clinical information, such as duration of loss of consciousness or amnesia, impaired alertness or memory, we classified the patients retrospectively.
Materials and methods

Study population
This study aims to include all the children and adolescences living in Hordaland and Sogn og Fjordane counties, who sustained a TSCI in the period 1952-2001. 5 The population of children younger than 15 years in the two counties was 104 234 on 1 January 1952 and 108 336 on 1 January 2002. 9 The population of adolescence between 15 and 19 years in the two counties was 24 966 on 1 January 1952 and 32 563 on 1 January 2002. The records of all patients under the age of 20 years with a diagnostic code suggesting TSCI (Appendix 1) at discharge from any of the eight hospitals in the two counties in the period from 1952 to 2001 were reviewed by the first author. 2, 5, 11 Only inhabitants of the two counties were included in this study. The analysis was also limited by including only hospital data. Records of spinal cord injuryrelated deaths before reaching hospital were not available.
Incidence
The age-adjusted annual incidence rates were defined as the number of new cases per million children and adolescences per year. All patients who were inhabitants of one of the two counties during 1952-2001 were included in the incidence calculations. All patients were followed with respect to death until 8 April 2010, which was set as the censoring date for those alive and still under observation. One patient emigrated during the observation period, and the emigration date was set as the censoring date. Date of death was recorded for those who had died before end of follow-up.
Level and completeness of spinal cord injury
The patients were stratified retrospectively according to level of TSCI; cervical, thoracic or lumbosacral, and according to the classification of the American Spinal Injury Association of completeness of injury, that is, complete (American Spinal Injury Association A) or incomplete (American Spinal Injury Association B-D) injuries. 8 The patients were grouped in three groups according to the presence of TBI: no, mild/ moderate or sever. They were grouped into 10 5-year categories based on year of injury, 1952-1956 to 1997-2001, and in two age groups according to age at time of injury, 0-14 years and 15-19 years.
Cause of injury
The causes of injury were listed in four main domains with totally nine different groups; falls, traffic accidents by car, motorcycle, bicycle or pedestrians. Sports injuries were listed as swimming, skiing or other sport-related injuries. Other injuries were violence and injuries due to falling objects. 
Results
Incidence
In this study, 13 children and 44 adolescences were injured during the period 1952-2001 (Table 1 Gender, level of injury and completeness of injury There was no statistical difference between the injured children and adolescents regarding gender, level of TSCI and completeness of TSCI (Table 2) .
Traumatic brain injury
Mild/moderate TBI was recorded in 8 of 13 children, and 4 had severe TBI (Table 2) . Among the adolescents, almost half were recorded having mild/moderate TBI, and only 1 of 15 had a severe TBI. The differences between children and adolescence regarding TBI severity are most likely explained by differences in cause of injury. This was, however, not statistically significant ( Table 2) .
Two of the children with concomitant TBI, were injured car accidents, one in a bicycle accident and four was injured as pedestrians. Among the adolescences with concomitant TBI, five were injured in car accidents, four in motorcycle accidents, two in bicycle accidents, five fell from heights and five were injured in sports-accidents and other accidents.
Mortality and cause of death
During the follow-up, five patients died. Three children died shortly after the injury (0, 13 and 33 days). All three had a complete cervical TSCI with severe TBI. The main cause of death among the children who died shortly after injury were all external causes of injury, the first contributing cause of death was spinal cord injury, and one child got pneumonia as contributing cause of death. One of the children died due to accidental poisoning at 27.5 years after the injury. One adolescence died at 16.1 years after the injury. The main cause of death was external causes of injury, and contributing causes were sequelae of fractures, pneumonia and quadriplegia ( Table 2 ). All the patients who died had cervical injuries.
Cause of injury versus age
Among the children 53.9% were injured in car accidents or in pedestrian accidents, whereas more among the adolescents 56.8% were injured in cars or motorcycle accidents (Table 2) . Eight children were under the age of 10 years at time of injury. Of these, four were injured due to pedestrian accidents and two were injured due to car accidents.
Discussion
This study found a trend of increasing age-adjusted incidence primarily among adolescents aged 15-19 years during the last 50 years. The average age-adjusted incidence was 2.4 per million children and 25.1 per million adolescences. Children were injured in car and pedestrian accidents, whereas adolescences were injured in car and motorcycle accidents. The proportion of severe TBI was highest in the child population.
The study was retrospective, a weakness since the identification of patients was based on diagnostic codes (Appendix 1) and review of hospital records. 11 Some patients with TSCI might not have received a correct diagnostic code.
Other patients with minor neurological deficits might not have been initially diagnosed. Some patients never reached hospital because of a lethal injury. Another possibility could be that children from the two counties were injured elsewhere and not hospitalized in the reference counties. The strength of this study is, however, the populationbased design and case ascertainment. In addition, collecting data over an extended time provided trends in age-adjusted incidence of TSCI among children and adolescents.
There was a higher rate of injuries among children in the period from 1972 to 1981 compared with the first decade The average age-adjusted incidence of TSCI among children and adolescence in the 1990s was 13 per million in Norway, compared with 20 per million in the United States.
14 The higher incidence in the United States is explained by TSCI caused by firearm, which did not occur in the Norwegian population. 14 The average incidence for children was, however, identical to the incidence of spinal cord injury in Sweden. 15 Boys dominate the injuries among children, which was higher than previous studies. [16] [17] [18] In this study, the only girl in the child population was injured as a pedestrian, whereas the cause of injury was more diverse among the boys. There was no statistical significant difference in the level of injury between children and adolescents, although there was a tendency of more cervical injuries in the children as found by Bilston and Brown. 19 In this study, there were more complete injuries among the children compared with adolescents, which is in accordance with findings from the United States. 16 The proportion of severe TBI was higher among the children as a result of higher incidence of traffic accidents. These resulted in complete cervical injuries and concomitant TBI, which is in accordance with data from Australia. 19 
Conclusions
This study found a trend of increasing age-adjusted incidence among both children aged 0-14 years and adolescence aged 15-19 years during the last 50 years. TSCI was highly associated with car and pedestrian accidents among children. Among adolescence TSCI was associated with car and motorcycle accidents. Awareness of these factors is important in prevention planning strategies.
Appendix 1
International Classification of Diseases (ICD) 8-10 codes used in this study 806. Fracture of first cervical vertebra S12.2
Fracture of other specified cervical vertebra S13.0
Traumatic rupture of cervical intervertebral disk S13. 2 Dislocation of other and unspecified parts of neck S13. 4 Sprain and strain of cervical spine S14.0 Concussion and edema of cervical spinal cord S14. 1 Other and unspecified injuries of cervical spinal cord S22.0
Fracture of thoracic vertebra S23. Sequelae of injuries, of poisoning and of other consequences of external causes, sequelae of injuries of neck and trunk, sequelae of fracture of spine T91. 3 Sequelae of injuries, of poisoning and of other consequences of external causes, sequelae of injuries of neck and trunk, sequelae of injury of spinal cord
x ¼ all sub-codes, that is, 0.0-0.9. The codes in bold are specific for traumatic spinal cord injury.
